The Notch signaling pathway regulates specification and proliferation in a variety of cell lineages in invertebrates and vertebrates. We have cloned a murine homolog of SEL-1, a key negative regulator of the Notch pathway in Caenorhabditis elegans. Murine SEL-1L (mSEL-1L) protein exhibits a high degree of similarity to SEL-1, including a signal peptide and the C-terminal region required for SEL-1 function in C. elegans. This mammalian homolog of sel-1 is widely expressed in adult mouse and human tissues, with particularly high levels in the pancreas. RNA in situ analysis of developing mouse embryos indicates that mSEL-1L is moderately expressed throughout the neural tube and dorsal root ganglia, with particularly high levels in the floor plate of the neural tube beginning at E10.5 and increasing at E11.5. Expression is high at E14.5 and E17.5 in the acini of the pancreas, and moderate in the epithelial cells of the gut villi. We localized the SEL-1L protein to the cytosol, possibly in intracellular vesicles, in a beta-islet-derived tumor cell line (RinM).
Results
The Notch gene encodes a transmembrane receptor that transduces intracellular signals essential for cell fate decisions throughout development in multiple organisms (reviewed in Weinmaster, 1997) . In the mouse, targeted loss-of-function mutations in Notch1, one of the four known Notch genes in mammals, leads to embryonic lethality due to multiple defects (Swiatek et al., 1994; Conlon et al., 1995; de la Pompa et al., 1997) . Genetic analyses in Drosophila and Caenorhabditis elegans have defined several loci that genetically interact with Notch family members. The sel-1 locus was identified in a suppressor screen in C. elegans for extragenic mutations that could rescue a lin-12 (a Notch family member) hypomorphic allele. Loss of function mutations in sel-1 rescue lin-12 or glp-1 hypomorphic mutations in a cell autonomous manner, while these mutations in sel-1 have no discernable effect in either wild-type or lin-12-null worms Greenwald, 1996, 1997) . Thus, the SEL-1 protein appears to behave as a negative regulator of Notch signaling.
Because the C. elegans SEL-1 protein is a key regulator of NOTCH function, we have cloned and characterized a murine homolog of SEL-1 (Sel-1l gene symbol, for sel-1-like, standardized by Jackson Laboratories Mouse Nomenclature Committee), and mapped the human gene to 14q24.3-31 (Donoviel and Bernstein, 1998) . A comparison of the murine protein sequence, mSEL-1L, and its worm homolog, SEL-1, is shown in Fig. 1A . The mSEL-1L cDNA encodes a protein with a predicted molecular weight of 85 kDa, the approximate size observed by Western blot analysis (see below). mSEL-1L is 66% similar to SEL-1, and exhibits similar features, such as a signal peptide and a C-terminal domain which is highly conserved in various species (Fig. 1B) . Sel-1l was widely expressed in adult tissues of both mice and humans (Fig. 1C,D) , with the exception of skeletal muscle, which had low (human) to undetectable (mouse) levels of Sel-1l transcripts. Interestingly, Sel-1l was expressed at very high levels in both the adult human ( Fig. 1D ) and developing mouse pancreas (see below). During embryogenesis, Sel-1l was widely expressed, with moderate expression in the neural tube (arrowhead in Fig. 2A) , and dorsal root ganglia (DRG) (arrow in Fig. 2A ) at embryonic (E) day 11.5. Sel-1l expression in the floor plate of the neural tube was moderate at E10.5 (not shown), and increased to high levels by E11.5 (Fig .   Fig. 1a ,b.
2B,D), with a concentration of silver grains at the midline on the apical side (Fig. 2D ). The notochord (derived from axial mesoderm) was negative for Sel-1l transcripts (Fig.  2B,C) . Additionally, Sel-1l RNA in the somites was very low (not shown), suggesting that as in adult skeletal muscle (see above), Sel-1l expression is downregulated in mesodermally-derived tissues.
Sel-1l may not be restricted in its mode of action to the Notch pathway. Our analysis indicates that while the murine Notch-1 and Sel-1l genes show extensive overlap in expression (in the neural tube and DRG), Sel-1l is also expressed in tissues not known to express Notch, such as the floor plate at E10.5-11.5 (Lardelli et al., 1994; Williams et al., 1995) . The E11.5 murine floor plate produces diffusible factors such as Sonic Hedgehog (SHH) which mediate both longand short-range induction in the CNS (Marti et al., 1995) . The confined expression of Sel-1l in the apical side of the floor plate and the lumen of the neural tube is consistent with its localization to budding vesicles from the floor plate which might contain SHH peptides.
As observed in the adult human pancreas, Sel-1l expression in the primitive mouse pancreas was very high, beginning at E14.5 (P in Fig. 2E ) and persisting at E17.5 (not shown). The highest expression in the pancreas was in the acini; however, as shown below, Western blot analysis suggests that SEL-1L is also expressed in islet b-cells. The epithelial cells lining the villi of the gut also expressed moderate levels of Sel-1l transcripts at E14.5 (G in Fig.  2E ) and E17.5 (not shown).
To characterize the mammalian SEL-1L protein, we raised an antibody using a peptide derived from the highly conserved domain in the SEL-1L family. The specificity of the serum was confirmed by expressing an N-terminus FLAG-tagged truncated version of mSEL-1L cDNA in COS-1 cells (amino acids 150-740 inserted into pFLAG-CMV2 vector (Kodak)). The serum recognized a specific band of the predicted size (67 kDa) in a FLAG immunoprecipitation from cells transfected with mSEL-1L (Fig. 2F,  lane 3) , but not from cells transfected with empty vector (Fig. 2F, lane 4) . Preimmune sera did not recognize any band other than immunoglobulin light chains (Fig. 2F,  lanes 1 and 2) . The SEL-1L sera also recognized an endogenous major band of predicted full-length size (85 kDa) in whole cell lysate from a rat islet-tumor-derived cell line (Rin-M) (Fig. 2G, lane 4) . This band was not recognized by the preimmune serum (Fig. 2G, lane 1) , nor was it present in lysates of cell-lines derived from human pancreatic adenocarcinomas (Fig. 2G , lanes 5 and 6). Others have noted the absence of SEL-1L transcripts in a percentage of primary human pancreate adenocarcinomas, suggesting that SEL-1L is downregulated in this type of tumor (Biunno et al., 1997) . Fig. 1 . Sequence and expression of mSEL-1L in adult human and mouse tissues. (A) mSEL-1L (GenBank accession no. AF063095), top line, is compared to SEL-1 (GenBank accession no. U50829), bottom line. The putative signal sequence of mSEL-1L is designated with a line over the sequence. Mutation of the glycine residue (star in A and B) to either an arginine or glutamic acid inactivates SEL-1 in C. elegans. A putative PEST sequence in mSEL-1L is underlined. (B) A comparison of a C-terminal conserved region among SEL-1L family members. The region shown corresponds to residues 584-642 in mSEL-1L. The hSEL-1L sequence is derived from a partial human cDNA (GenBank accession no. U11037). The Saccharomyces cerevisiae Hrd3p protein was previously reported (PIR database no. S48558). (C) Top panel: mouse tissue polyA RNA blot hybridized with Sel-1l probe. h, heart; b, brain; s, spleen; lu, lung; li, liver; sk, skeletal muscle; k, kidney, t, testis. Two RNA species, of sizes 7.5 kb and 4.5 kb, were observed. Bottom panel: the same blot was hybridized with GAPDH as a control for RNA loading. (D) Top panel: human tissue polyA RNA blot was hybridized with a Sel-1l probe. h, heart; b, brain; pl, placenta; lu, lung; li, liver; sk, skeletal muscle; k, kidney; p, pancreas. Only the 7.5 kb band was detected in human tissues. Bottom panel: the same blot hybridized with GAPDH.
Fusion of the C. elegans SEL-1 signal peptide to two different reporter genes directs secretion of heterologous proteins, suggesting that SEL-1 itself could be targeted for secretion. However, both a SEL-1-Green Fluorescent Protein fusion and the endogenous C. elegans SEL-1 protein are localized in the cytosol, possibly in intracellular vesicles (Grant and Greenwald, 1997) . As shown in Fig. 2H , rat SEL-1L was also localized in the cytoplasm. The pattern of staining is suggestive of its localization to intracellular vesicles.
In summary, we have cloned a murine homolog of an important regulator of the Notch pathway in C. elegans. The expression pattern of Sel-1l, while consistent with a similar role in mammals, also suggests a broader function for Sel-1l outside of the Notch pathway. Finally, the high levels of Sel-1l transcripts in the floor plate and pancreas raises the possibility that this protein may be involved in normal and disease processes in these tissues.
Methods

Cloning of mSel-1L
Three IMAGE Consortium EST clones (GenBank accession nos. T95374, AA061453, W62650) were used to probe a mouse E15.5 cDNA library (Clontech). Four mouse cDNA clones were sequenced on both strands (ACGT, Toronto, and York University, Toronto).
Northern analysis and in situ RNA analysis
PolyA RNA blots (Clontech) were hybridized with the inserts from the various EST clones (all of which gave identical results). For the in situ RNA analysis, frozen sections of embryos obtained from CD1 mice natural matings were prepared and hybridized as previously described (Kluppel et al., 1997) . Plug date was designated as day 0.5. The probe used was the insert from mouse EST clone 483803.
SEL-1L antisera, Western blot analysis, and immunofluorescence
A branched octamer of 15 residues corresponding to amino acids 611-625 of mSEL-1L was used to immunize rabbits as described (Tam, 1988) . Anti-FLAG antibody (KODAK) was used at 2.2 mg per immunoprecipitation. SEL-1L serum was used at 1:250 to probe Western blots. Secondary antibodies were goat anti-rabbit (Fig. 2F) or goat anti-mouse (Fig. 2G) (BioRad) . For the immunolocalization, Rin-M cells were cultured overnight on gelatin-coated chamber slides (Corning), fixed with 4% paraformaldehyde, and incubated with SEL-1L antibody or preimmune serum at 1:100. The fluorescein-conjugated goat anti-rabbit IgG (Caltag Labs) was used at 1:100.
